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CATALOGUE OF FOSSIL FISHES. 

Catalogue of the Fossil Fishes iti the British Museum, 
Natural History. Part II. By Arthur Smith Wood¬ 
ward, F.G.S., F.Z.S. (London : Printed by order of 
the Trustees.) 

T is a matter for very warm congratulation to all 
British zoologists that such excellent work as Mr. 
Smith Woodward’s “Catalogue of Fossil Fishes” should 
proceed from the great National Museum in Cromwell 
Road. When one remembers the dingy rooms, the 
inadequate staff, the poor library of the old Natural 
History Department at Bloomsbury, it seems scarcely 
credible that in so few years’ time so great a change has 
been effected. In the new Museum there is ample space 
for the collections, working rooms for the curators, an 
increased staff of competent naturalists, and an admir¬ 
able library with the latest memoirs from all parts of 
the world for their use. The increased opportunities 
for genuine scientific work now afforded to the younger 
members of the staff of the Museum, as well as the 
improved system of making appointments which, as 
well as much else which is good in the Natural History 
Museum, we owe to the Director, are bearing fruit in 
work like that done by Mr. Smith Woodward. His 
“Catalogue of Fossil Fishes” is not a mere enumeration 
of the specimens in the National Collection. Though 
the series of fossil fishes there deposited is by far the 
finest and most extensive in any Museum in the world 
*—now that the collections of the late Earl of Enniskillen 
and of the late Sir Philip Egerton have been incorporated 
with the older possessions of the Museum—yet of many 
groups or of important genera the best specimens are as 
far away as St. Petersburg on the one side and Phila¬ 
delphia on the other. Mr. Woodward has for some years 
spent his vacations in visiting (one hopes at the expense 
of the Trustees of the British Museum) the various 
Museums of Europe and America in which fossil fish- 
remains are preserved : he is therefore well acquainted, 
not only with the literature of his subject, but with all 
the existing material. Further than this, he shows in his 
treatment of the remains with which he has to deal a 
sound knowledge of anatomy, and that care and precision 
as to systematic arrangement and detail which are the 
most important qualifications of a museum curator. 
The “'Catalogue of Fossil Fishes” in the British Museum 
thus becomes, in Mr. Smith Woodward’s hands, a valuable 
treatise on ichthyology, indispensable to every compara¬ 
tive anatomist. 

In the matter of the general classification of fishes, 
Mr. Smith Woodward follows neither the tradition of 
Huxley nor of Gunther, but leans to Cope ; at the same 
time, his two main lines of piscine pedigree, the Hyostylic 
and the Autostylic, are distinguished by a character first 
insisted upon by Huxley. He recognizes two sub-classes 
of Hyostylic fishes—the Elasmobranchii, with three 
orders, Icthyotomi, Selachii, and Acanthodii; and the 
Teleostomi, with two orders, the Crossopterygii and the 
Actinopterygii (these latter including all modern Ganoids 
and Teleostei). In the other main branch of descent, 
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the Autostylic, Mr. Smith Woodward places also two 
sub-classes—the Holocephali with only one known 
order, the Chimatroidei; and the Dipnoi, with twm orders, 
viz. (1) Sirenoidei (including Dipterus, Phaneropleuron, 
andLepidosiren),and (2) Arthrodira (including Coccosteus 
and Dinicthys). In addition to these four sub-classes, the 
author recognizes a fifth—the Ostracodermi, with the 
three orders Heterostraci, Osteostraci, and Antiarcha (why 
not —i ?), typified respectively by the genera Pteraspis, 
Cephalaspis, and Ptericthys. There is no evidence to 
show what may have been the nature of the jaw-suspensor 
in the Ostracodermi—hence the sub-class cannot be re¬ 
ferred to either hyostylic or autostylic branch. 

There are several noteworthy features in this classifica¬ 
tion. The Palaeicthyes of Gunther are rejected, and, more 
startling still, we miss the familiar “ Ganoids ” of the 
palaeontologist. Every anatomist must have been struck 
with the clear indications of a line of descent from primi¬ 
tive fishes through forms like Chimasra to the Dipnoi 
and so to the Amphibia. But one is not quite prepared 
for some of Mr. Smith Woodward’s pedigree-making. 
He adopts the view that the Icthyotomi—those delightful 
extinct sharks with crossopterygial fins—are the most 
ancient forms of the hyostylic series, and is led to the 
conclusion that, in both the autostylic and the hyostylic 
series, the so-called archipterygium (crossopterygium, I 
should prefer to call it) is really archaic and primitive, 
and that the “ actinopterygium ” of Chimaera in the one 
series, and of modern Elasmobranchs, and, again, of 
modem Teleostomi in the other series, is a secondary 
departure, occurring thus at least at three separate and 
widely remote points in the pedigree. As a result of this 
mode of viewing the facts, we get Phaneropleuron together 
with Dipterus associated at the remote end of the autostylic 
branch with Ceratodus and Protopterus, whilst as far off 
as possible, at the remote end of the hyostylic branch, we 
find the “ Crossopterygian Ganoids” Holoptychius and 
Osteolepis—the former of which was so closely associated 
by Huxley, as previously by the sands of Dura Den, with 
Phaneropleuron. 

It is difficult to persuade oneself that the wide separa¬ 
tion of these two old associates now proposed is a natural 
one. Without proposing another theoretical pedigree, 
we may point out two facts : (1) that it is somewhat 
easier to suppose that the change from autostylic to 
hyostylic suspensorium (or from an amphistylic neutral 
condition to either) has taken place more than once, than 
it is to suppose this of the change from crossopterygium 
to actinopterygium ; (2) that the evidence adduced by 
Balfour and by Thatcher as to the primitive identity of 
construction of the lateral fins and the median fins of 
fishes is very strong, whereas the assumption of a primi¬ 
tive fish-ancestor with two pairs of crossopterygia has 
really not a leg to stand on, because the argument from 
palaeontological succession is faulty, the Icthyotomi 
being really modern fish (Carboniferous), compared with 
the primitive fish of Silurian times. There is no sufficient 
ground for concluding that the actinopterygium has always 
developed from the crossopterygium rather than that the 
change has been in the other direction. 

However these matters may be settled hereafter, it is 
probable that the fusion of the Ganoids with the Teleostei 
as one group (Teleostomi) containing older and newer 
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grades of structural evolution, will be found acceptable by 
many systematists. 

It would be impossible to follow Mr. Smith Woodward 
in these columns into the details of his work, but there 
are one or two points to which I may direct attention. 
The wide separation of Coccosteus from Ptericthys is a 
bold stroke, and one for which much solid argument is 
adduced, Coccosteus and its allies appearing to fit in 
with the Dipnoi, whilst Ptericthys finds allies in Cephal- 
aspis, Pteraspis, and Didymaspis. Dr. Traquair’s valu¬ 
able researches are largely used and acknowledged by Mr. 
Smith Woodward, and he does not hesitate to accept the 
former author’s association of the large family of the 
Pakeoniscidas with the Sturgeons, which, as the Chond- 
rostei, form the first sub-order of the Actinopterygian 
Teleostomi, the point up to which this valuable work has 
now been brought. 

Of my old friends Cephalaspis, Pteraspis, and their 
allies, Mr. Smith Woodward has a great deal which is 
extremely interesting to say. It appears that the con¬ 
clusion (which I resisted in my monograph published by 
the Palasontographical Society, and elsewhere) is now' 
pretty well demonstrated by new and well-preserved 
specimens (described by von Alth), viz. that the plates to 
which I gave the name Scaphaspis are really the ventral 
plates of the associated species of Pteraspis. Mr. Smith 
Woodward is able by means of this view to give a more 
correct interpretation of my specimen of the scales of 
Pteraspis than I was able to do. It is now in the collec¬ 
tion of which this catalogue treats, and remains the only 
specimen of the body-covering of these fish. The possi¬ 
bility of this relationship of Scaphaspis and Pteraspis 
was often discussed and considered at the time when I 
wrote on these fossils, and I was careful to point out the 
constant association of Sc. Lloydii with Pteraspis rostra- 
tus, of Sc. rectus with Pt. Crouchii, and of Sc. truncatus 
with Cyathaspis Banksii. But no British specimens were 
forthcoming (although we had hundreds to examine) 
showing any connection of the two shields as parts of 
one animal. The remarkable genus to which I gave the 
name Holaspis (which, being preoccupied by the late Dr. 
Gray, has had to give place to Mr. Claypole’s Palseaspis 
of ten years later date) seemed to confirm the view that 
Scaphaspis was a simplified shield of the same character 
as Pteraspis, Holaspis or Palseaspis being intermediate 
in complexity. But the specimen described and figured 
by von Alth leaves no doubt in my mind as to the inter¬ 
pretation of Scaphaspis adopted by him. The absence 
of the canal system, so well developed in Pteraspis and 
Palseaspis, is an argument against Scaphaspis being, like 
those forms, a dorsal cephalic plate. 

There are matters with regard to Didymaspis and 
Eukeraspis (genera of mine which I am glad to see sur¬ 
viving Mr. Smith Woodward’s crucible) and Cephalaspis 
on which new light is thrown in the “ Catalogue,” which, 
however, I must not take space to detail. A very inter¬ 
esting thing connected with our Herefordshire cornstones 
is the discovery, by Dr. Traquair, of a Coccostean, 
Phlyctcenaspis anglica , in specimens which I had sup¬ 
posed might be portions of the large Cephalaspis salsveyi. 
Quite a series of these specimens are recorded in the 
“ Catalogue ” as being in the national collection, whilst 
in Oxford we have some excellent specimens amongst 
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the other treasures of the Grindrod Collection, which has 
been purchased for the University Museum. 

Sixteen beautifully lithographed plates and numerous 
woodcuts illustrate this second volume of the “ Catalogue- 
of Fossil Fishes.” 

One last word as to a matter of word-making. I con¬ 
gratulate Mr. Smith Woodward on having the good sense 
to write “ Pteraspidas ” instead of “ Pteraspididse,” and 
“ Asterolepidas ” instead of “ Asterolepididce.” It would 
not have been more correct to write the longer form, and, 
w'ould have been pedantic. 

E. Ray Lankester. 


THE HONE Y BEE. 

The Honey Bee: its Natural History , Anatomy , and 
Physiology. By T. W. Cowan, F.L.S., F.G.S., F.R.M.S.,, 
F.S.Sc., &c. Illustrated with Seventy-two Figures of 
136 Illustrations. (London: Houlston and Sons, 1890.) 
HE interior economy of the hive is known intimately 
to every bee-keeper; with the anatomy of its- 
makers, rulers, citizens, not one in a hundred is familiar. 
The mass of facts accumulated during two centuries of 
discovery lies for the most part embalmed in the Proceed¬ 
ings of Societies, locked up in costly monographs, un¬ 
translated from foreign languages: for the first time it 
is here presented to English readers, in a form at once 
exhaustive and concise, by the most accomplished of 
modern apiarians. Careful compilation from former 
writers, enriched with much matter that is wholly new, 
conscientious exclusion of theories unverified by experi¬ 
ment, accuracy of illustration secured by direct drawing 
from photo-micrographs or microscopical preparations, 
justify, we think, with the deductions inseparable from a 
first attempt, Mr. Cowan’s claim to have produced “ the 
most perfect work of its kind.” 

From its pages bee-keepers will learn the extent to 
which the romantic stories current as to their favourites 
are borne out by scientific research or must be abandoned. 
They will find the most startling of all, parthenogenesis in 
the young hive-mother, to be an established fact; the 
unwedded queen lays eggs profusely, but all of them give 
birth to drones. No less certain is the derivation of 
queens and workers respectively from the different kinds 
of food administered to them in their larval state. The 
future queen is fed on “chyle-food,” elaborated in the 
chyle-stomach of the nurses, until it assumes the chrysalis 
change, from which it emerges a perfect female. The 
future worker is weaned upon the fourth day, and fed 
henceforth on honey and digested pollen, with the 
result that its ovaries are rudimentary and sterile, while 
its further genital structure renders it incapable of mating. 
The fecundation of the queen takes place within a few 
days of her quitting the cell, and lasts for life ; the millions 
of spermatozoa injected being imprisoned in a special 
receptacle, retaining their vitality throughout her life¬ 
time, and escaping one by one to fertilize each egg as it 
is laid. Similar storage power is present in the digestive 
system. The food swallowed by the mouth passes, not 
into the stomach, but into a temporary reservoir, called 
the honey-sac, from whence it can at will be regurgitated 
into the cells, or passed into the stomach through a 
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